ABSTRACT
INTRODUCTION
Osteoarthritis (OA) is a very common disease in several species. MclIwraith et al. (2012) provided information mentioned by other authors regarding the frequency of the disease in the United States and the European Union. According to Lawrence et al. (2008) , in 2008, it was estimated that approximately 27 million adults in the United States had clinical OA (up from the estimate of 21 million for 1995). Altman et al. (2006) estimated that 100 million people had OA in the European Union. An epidemiological study published by Rosis et al. (2010) , which sampled patients in long-stay institutions, revealed that 36.9% of elderly residents included within the study had OA. The disease was more frequent (70.9%) in females, and femorotibial and patellofemoral joints were particularly affected. A study carried out by Oliveira and Braga (2010) obtained data from patients referred to a physical therapy clinic related to orthopedics and traumatology at Universidade Paulista (UNIP)/Brazil, in which women accounted for over 60% of cases. A larger number of females (62.37%) with locomotor problems was revealed, and OA was the most common condition (19.92%). In horses, OA compromises the equine industry, not only due to the costs of treatment, but also as a consequence of delayed return to athletic performance.
Although there are many epidemiological studies addressing the prevalence of the disorder, there are reports of its high incidence (more than 80%) even in Mangalarga Marchador foals aged between 12 and 36 months (Garcia et al. 2009 ), which proves that this condition affects adult and elderly horses, but can also develop in young horses and foals (McIIwraith 1982; Riggs et al. 1999; Kawcak et al. 2001 , Garcia et al. 2009 ). It is due, in many cases, to the premature start of horse training during the early stages of musculoskeletal system development or due to excessive and/or prolonged mechanical loads on immature articular cartilage, with periarticular tissues inadequately developed to support intense loads (Garcia et al. 2009 ). The disease is a very common complaint in the institution of the author of the present study. Over the past three years, approximately 30% of treated horses had osteoarthritis in some joints, some associated with other diseases such as navicular syndrome, periostitis or osteochondrosis. Neundorf et al. (2010) studied the prevalence, as well as the severity of metacarpophalangeal joint osteoarthritis racehorses using quantitative macroscopic evaluations of joints from fifty animals at different ages. The data showed that one-third of horses with 2-and 3-year-old presented partial or thickness lesions in the cartilage, as well as OA. In addition, the severity of the disease increased until horses reached six years of age. According to the authors, it is necessary to study the factors that might make 2-year-old horses susceptible to early joint affection, including genetic, nutritional and management factors. Therefore, the objective of this article is to review information about clinical and radiographic findings of osteoarthritis, as well as some biochemical and biomechanical aspects related to the disease.
DEVELOPMENT
Osteoarthritis, also known as degenerative joint disease and, occasionally, as osteoarthrosis, is considered an important locomotor disorder that affects many species, and is particularly common in humans and horses (Peloso et al. 1994; McIIwraith 2005b; van Weeren and de Grauw 2010; Ferris et al. 2011; Chiaradia et al. 2012) .
Clinical and radiographic findings
Osteoarthritis is characterized clinically by varying levels of lameness and, consequently, pain, and it is an expensive equine health problem due to the loss of limb functionality with restricted movement of the injured joint (Jeffcott et al. 1982; May 1996; Pool 1996; Lees 2003; Ferris et al. 2011; Andia et al. 2012; McIIwraith et al. 2012) , as observed in humans (Andia et al. 2012; McIIwraith et al. 2012) . In addition, the presence of synovial effusion (particularly in the early stage of the disease), softtissue swelling and response to flexion are also common clinical signs (McIIwraith et al. 2012) . In fact, this disease is among the main causes of both anticipation horse retirement of pleasure-riding and performance equine (Rossdale et al. 1985; Pearson and Lindinger 2009) and economic losses. Osteoarthritis is also seen frequently in the joints of thoracolumbar and lumbar regions in the horse column, which causes back pain and changes in the gait of the animal (Alves et al. 2007 ). It can be divided into subclinical, active (similar to a noninfectious inflammatory process) and clinically overt or decompensated stages (McIIwraith et al. 2012) . Usually, the joint undergoes a progressive loss of cartilage and changes in the bone and regional soft tissues (McIIwraith and Vachon 1988; Yang et al. 2001; McIIwraith 2005b; van Weeren and de Grauw 2010; Ferris et al. 2011) . The degenerative process leads to cracking, ulceration, and/or loss of full-thickness articular surfaces (Brandt et al. 2008) . Radiographic findings in horses are well known. Initially, destruction of articular cartilage and decreased joint space occur, which are occasionally difficult to visualize on radiographs (McIIwraith et al. 2012) . Overloads of the articular surfaces cause subchondral bone sclerosis (with occasional lysis or cyst-like lesions in subchondral bone) accompanied by bone osteophytes at the edges of the articular surfaces, which can be very large (Yang et al. 2001 ). Enthesophytes at attachments within the fibrous joint capsule or ligaments and even dystrophic mineralization capsules may also be observed (McIIwraith and Vachon 1988; Pool 1996; Kawcak et al. 2008; McIIwraith et al. 2012) . The proximity of the subchondral bones results in ankylosis (particularly in joints with little movement) during advanced stages of the disease (Kerbyson et al. 2013) . The osteophyte, which is an attempt at bone repair (Andia et al. 2012; McIIwraith et al. 2012) or joint immobilization (Pool 1996) , is considered the main radiographic finding of osteoarthritis (Andia et al. 2012; McIIwraith et al. 2012 ). However, a research performed in joints such as the distal interphalangeal, proximal interphalangeal, metacarpophalangeal, metatarsophalangeal, as well as carpal, tarsal and femorotibial-patellar of 152 horses at approximately eight years of age, of different breeds and physical activities, highlighted the lack of a relationship between scores of radiographic findings and lameness presented by animals (Veiga 2006) . The same was mentioned by Baccarin et al. (2012b) .
Biomechanical and Biochemical Aspects
The optimal balance between the anabolic and catabolic activities of chondrocytes is essential to maintaining the integrity of the cartilage and to repair the molecular changes that occur daily. The understanding that there is an imbalance between these activities makes it necessary that therapies that promote anabolic effects and inhibit catabolic actions be adopted (Mueller and Tuan 2011) . The articular biology and pathogenetic mechanisms that are involved in OA are quite similar among mammalian species. Therefore, discoveries regarding pain control and the evolution of the condition in horses readily benefit from studies conducted in humans. It is well known in both species that osteoarthritis is directly related to biomechanical mechanisms (abnormal load on healthy cartilage or normal load on damaged cartilage) (McIIwraith 2005b) . However, failure to repair the damaged cartilage results not only in abnormal biomechanical conditions, but also biochemical changes. Not only bone but also cartilages receive and spread the stress occurred during locomotion and loading, and are thus continuously challenged biomechanically (Lories and Luyten 2011) . Brandt et al. (2009) consider the disease to be due to a failure of appropriate repair after an injury caused by excessive mechanical stress (defined as an area of strength per unit). In this context, several primary and secondary factors can cause the disease, and the mechanical impact of a single event or repetitive microtrauma could lead to the development of joint damage that requires the intrinsic process of repair, which may fail or be successful in restoring articular function (Cantley et al. 1999; Kim et al. 2003; van Weeren and de Grauw 2010) . According to Lories and Luyten (2011) , OA is related to a mechanically induced joint disorder caused by both acquired and genetic factors. Regarding the biochemical changes, the disease is characterized by a reduced formation of proteoglycans and unusual increase of collagen type X expression by chondrocytes in the synovium. (Yang et al. 2001) . Early intervention in cases of OA may be possible after trauma. Therefore, it is necessary to understand the biochemical mechanisms (Chiaradia et al. 2012 ) that occur in the joint. Chondrocyte hypertrophy, the increased production of extracellular matrix molecules and the remodeling of bones, may occur (Andia et al. 2012) . Under physiological conditions, a sparse amount of chondrocytes (1 to 2% of the volume of the cartilage) is distributed throughout the matrix, which consists primarily of type II collagen (approximately 15% of hyaline cartilage), proteoglycans, and water (approximately 75% of hyaline cartilage) (van Weeren and de Grauw 2010; McIIwraith et al. 2012) . The structure and arrangement of the matrix macromolecules to influence the physical properties of this tissue (Jurvelin et al. 1988) . Although the cartilage presents a connective tissue with very specialized functions, with biomechanical characteristics such as load-bearing and shock absorption, the biomechanical properties depend on the completeness of the collagen network, as well as the synthesis and retention of proteoglycans (Eyre and Wu 1995; van Weeren and Brahma 2001) . Once the degenerative process is started, it will stimulate the production of transforming growth factor-β (TGF-β), which is a multivalent cytokine composed of three homologous isoforms (1, 2 and 3) that stimulates the synthesis of collagen type II and proteoglycans (Grimaud et al. 2002; Walshe et al. 2009 ). Transforming growth factor-β signaling promotes the differentiation of mesenchymal stem cells into chondrocytes and allows the repair of defects in the cartilage. Moreover, although growth factors are generally related to protective outcomes, it has been suggested that TGF-β can have a dual role in osteoarthritis, i.e., both positive and negative effects. According to Scharstuhl et al. (2002) , the formation of osteophytes is favored by the presence of this growth factor and enhanced by the hepatocyte growth factor in non-inflammatory conditions. However, to promote cell differentiation, TGF-β is used in culture medium to induce chondrogenic differentiation of stem cells (Yang et al. 2001; Radcliffe et al. 2010; Mueller and Schier 2011) and bone morphogenetic proteins (BMPs) (Kasashima et al. 2011; Stewart and Stewart 2011) , which are members of the supergene family of TGF-β. The signaling pathway of BMP is known to be important for the maintenance of articular cartilage in health conditions (Yang et al. 2001; Oshin and Stewart 2007) . Many individual molecules of BMP have been characterized, and four are known to have osteogenic activity (Wang et al. 1990; Chen et al. 1991; Hammonds et al. 1991; Wozney 1992) . The positive response to differentiation may be evaluated histologically by using special stains or may be determined from gene expression in signaling pathways, such as aggrecan and type II collagen (de Schauwer et al. 2011) , which are fundamental components of the extracellular matrix. According to Lorie and Luyten (2011) , the BMPs appear to influence the OA, and they can activate cellular and molecular processes. Yang et al. (2001) carried out an in vitro study to investigate the intracellular protein Smad3, which transduces extracellular signals from TGF-β3 signals to the nucleus, where they activate downstream gene transcription. According to the authors, the TGFb/Smad3 signals inhibit the hypertrophic differentiation of mice chondrocyte and are important for maintenance of articular cartilage. Osteoarthritis in horses can start by injury in the articular cartilage, synovial membrane (or synovium), subchondral bone, ligaments, or fibrous joint capsule, or it may be a combination of several problems that occur concurrently. Both synovitis and capsulitis, which are common diseases in equine athletes, are accompanied by pain and discomfort, which can lead to an imbalance between anabolic and catabolic activities of chondrocytes (Loeser 2006) . These conditions release enzymes that contribute to the degradation of articular cartilage, such as matrix metalloproteinases (MMPs) and aggrecanases, inflammatory mediators (e.g., PGs: prostaglandins) and free radicals and cytokines, such as tumor necrosis factor-alpha (TNF-α) and interleukin 1 (IL-1). The interaction between cytokines results in the enzymatic degradation of proteoglycans and type II collagen (McIIwraith et al. 2012 ). According to van Weeren and de Grauw (2010), the intense vascularization of the subsynovial tissue and the ability of synovial cells to produce different types of mediators and catabolic enzymes make the synovium a fundamental component in all types of joint involvement. Veiga (2006) reported that several of the biomechanical factors that act on the joint surfaces could result in synovitis as a consequence of the production and release of several cytokines, which can stimulate the activation of MMPs and other components of the inflammatory process. Consequently, an imbalance occurs between the synthesis and degradation of proteoglycans and the glycosaminoglycans (GAGs), which constitute the cartilaginous matrix. Both biomechanical and biochemical changes are involved in the onset of OA. In addition, it appears that subchondral bone sclerosis and synovial inflammation present a fundamental function in the pathophysiology of the disease. Baccarin et al. (2012a) used the urinary GAGs excretion to investigate the efficiency of chondroitin sulfate (CS) and glucosamine (GlcN) in the treatment of 27 horses presenting mild osteoarthritis. According to the authors, the therapy causes a long-lasting increase of CS, as well as of keratin sulfate in the urine. In addition, it improves the flexion of the metacarpophalangeal and tarsocrural joints.
Origin of Pain
Pain is the most important sign of OA, and its management is crucial for the equine practitioner (van Weeren and de Grawn 2010). However, although pain with consequent lameness is the main clinical sign of OA, its association with joint damage is still poorly understood. The origin of the pain is not in the cartilage because its anatomical structure has no nociceptive fibers. According to Felson (2009) , these fibers are found in the synovium, periosteum, subchondral bone and articular capsule and in the meniscus of the stifle joint and the marrow of long bones. Raffa (2003) reported that mechanical and chemical stimuli (resulting from inflammation of the tissue) are responsible for pain originating in synovial joints. The authors also mentioned that these stimuli were detected and delivered by different types of receptors. Synovitis, which was mentioned previously as a possible cause of OA, is an important component for the onset of pain and occurs due to the activation of mechanoreceptors in the joint capsule and the chemical stimulation of nociceptors as a consequence of effusion, distention and/or fibrosis. This problem may cause both the activation of mechanoreceptors in the joint capsule and the direct chemical stimulation of nociceptors (van Weeren and de Grauw 2010). Interleukins (IL-1 and IL-6) and TNFproinflammatory cytokines, are directly associated with pain (Svensson 2010) , which may result from synovial macrophages. These cytokines incite chondrocytes to generate inflammatory mediators such as prostaglandin E2, superoxide, nitric oxide, proteolytic enzymes [disintegrin, metalloproteinase domains with thrombospondin motifs (ADAMTS) and MMPs] (Rutgers et al. 2009; Bondeson et al. 2010) . However, studies have found no significant difference in the amount of PG E2 present in the synovial fluid (SF) of untreated horses or horses treated for lameness with intra-articular anesthetics. Moreover, substance P seems to be closely associated with OA joint pain (Fortier and Nixon 1997; de Grauw et al. 2006) . Coupled with mechanical stress are the degradation products of extracellular matrix that trigger signaling pathways that induce the transcription of nuclear factor-kappaB (NF-kB), which promotes an inflammatory response in the activated synovial fibroblasts. Furthermore, neurotrophins, especially the nerve growth factor, may induce more injuries through an inflammatory process by regulating the excitability of pain fibers or by making changes to the receptors and neuropeptides that are involved in the transmission of pain stimuli (Dray and Read 2007; Kress 2010) . The steroid receptor with nuclear actions regulates cell function by decreasing or increasing the expression of groups of genes in target tissues. In general, the hormone binds to the cytoplasmic receptor, and the complex then translocates to the nucleus by binding to specific DNA sequences. According to Glezer et al. (2000) , the total quantity of these receptors expressed in a tissue can be modified by various hormonal treatments and drugs. The relief of pain may result in an adequate clinical response in the short to midterm. However, over the long term, it can worsen the disease if training and physical activity management are not modified (van Weeren and de Grauw 2010) . Therefore, it is essential to know the pathogenetic mechanisms of pain so that the therapy can be more focused. According to Dray and Read (2007) , these mechanisms may include key receptors, ion channels and neurotrophin.
Importance of Synovial Fluid
The synovial fluid, which is a dialysate of blood plasma, has an important function in maintaining the viability of joints. It contains hyaluronic acid (HA), as well as lubricin glycoprotein and systemic signaling factors and locally produced cytokines (Knox et al. 1988; Schmidt et al. 2007 ). The synovial fluid is an essential component in joint homeostasis, because it works as a lubricant, allows movement between articular surfaces almost without friction, and transports nutrients and waste products to and from the avascular articular cartilage. In addition, SF can be used to monitor intra-articular events that are associated with changes in articular homeostasis, such as an influx of cells or inflammatory mediators and locally produced cytokines, and it can be used to monitor the by-products of tissue renewal (McIIwraith 2005a; van Weeren and Firth 2008) . Finally, it is a source of chondroprogenitor cells (Stewart and Stewart 2011) , which may be a tool to determine biomarkers (such as the PG E2) that are related to OA in horses ). The possibility of using SF as a tool to investigate initial changes is very positive for the early diagnosis of the disease. According to Chiaradia et al. (2012) , the volume of SF may be correlated with OA. Thus, there is the possibility of using SF to evaluate pathophysiological changes in various stages of subclinical disease. Kraus et al. (2007) quantified the concentration of urea in human, as described by Kraus et al. (2002) , to determine the intra-articular volume of SF in joints lavaged with saline solution. According to these authors, there was a similarity between the serum levels of urea in SF and in the water fraction. This similarity should exist independently of joint injury, inflammation or age. Urea is not synthesized/metabolized by the articular tissues but spreads freely between the blood and intra-articular area (Maroudas 1970) . The determination of the gene expression of catabolic enzymes and cytokines in the SF, synovium, and articular cartilage of spontaneous OA in equine carpal joints was studied by Kamm et al. (2013) . Their research revealed an essencial increase in the expression of disintegrin and metalloproteins with thrombospondin motifs 5 (ADAMTS-5) and of MMP-13 in the synovial tissue, as well as increases in both ADAMTS-4 and MMP-13 in the cartilage. Jacobsen et al. (2006) determined the serum amyloid A (SAA) concentration in the serum and SF of 10 healthy horses and 21 horses with different types of joint disease. The effect of recurrent arthrocentesis on SAA concentrations in SF was evaluated using immunoturbidimetry. According to the authors, evaluating the SAA concentration in the synovial fluid was a good indicator for the diagnosis of joint infections, and it did not change in response to frequent arthrocenteses. However, it was not a valid marker in low-inflammation joint conditions. Therefore, it would not be indicated for OA.
FINAL CONSIDERATIONS
The articular cartilage and subchondral bone changes that manifest in OA are due to complex mechanisms that result from the interaction among biochemical, metabolic and biomechanical factors. As a consequence, it compromises the musculoskeletal system of the animal by causing pain and changes in the gait of the horse. Thus, besides affecting animal welfare, it compromises the physical and work performance of horses and represents economic losses to owners. The pain and presence of osteophytes can be regarded as the main clinical and radiographic findings, respectively. One of the main problems related to the low efficacy of the various treatments available for OA in horses is that the pathophysiology of the disease is still not completely well defined. Complex biochemical and biomechanical mechanisms are reported as involved in the degenerative process. Many of them have not only positive, but also negative effects. The presence of synovitis is considered an important pathophysiological aspect to the onset of pain. Accordingly, evaluation of changes in synovial fluid has been an attempt to detect the onset of OA. As mentioned previously, the concentration of urea can be used to determine the volume of SF in effused joints, since its quantification is not altered by the presence of a local inflammatory process. Therefore, future studies should consider the amount of this amide in SF to determine the real influence of the synovial membrane in the pathophysiological mechanism of OA and perhaps allow for early diagnosis. In fact, understanding the predisposing aspects and possible articular changes is essential in the choice of the proper treatment.
